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Abstract 
 

The incorporation of natural fibers into high-performance concrete (HPC) has attracted significant interest in the 

construction industry due to their cost-effectiveness and local availability. Among these, pineapple leaf fiber 

(PALF) is a promising material. This study investigates the influence of PALF length on the mechanical properties 

of fiber-reinforced HPC, with a focus on compressive and tensile strength at different curing ages. Silica fume was 

used as a supplementary cementitious material, replacing 10% by weight of cement. A constant PALF dosage of 

0.1% by weight of the binder was used in all mixes, with fiber lengths varied at 5 mm, 10 mm, 20 mm, 30 mm, 

and 40 mm. The results showed that shorter fibers enhanced compressive strength more significantly. Specifically, 

the inclusion of 5 mm and 20 mm PALF increased compressive strength by 38.3% and 37.6%, respectively, while 

30 mm and 40 mm PALF led to increases of 25.6% and 16.8%, respectively, compared to the control specimen at 

28 days. In terms of tensile strength, the highest improvements were observed with 20 mm and 30 mm PALF, 

yielding increases of 22.0% and 26.4%, respectively, at 28 days. Overall, the findings suggest that incorporating 

20 mm PALF at a 0.1% dosage provides the most significant improvement in both compressive and tensile strength 

of high-performance concrete. The outcome of this study provides a pathway for developing affordable, high-

strength, and sustainable green concrete.  

Keywords: Pineapple Leaf Fiber (PALF); Sustainable Construction Materials; High Performance Fiber Reinforced 

Concrete (HPFRC); Fiber Length; Mechanical Properties. 

1 Introduction 
 

The global construction industry's growing demand for sustainable and cost-effective alternatives to traditional 

materials has generated high interest for green concrete which possess improved mechanical properties and 

durability with less carbon footprint. High performance fiber reinforced concrete (HPFRC) is widely recognized 

for its superior compressive strength, durability, and reduced permeability as well as improved crack resistance, 

ductility and energy absorption. While synthetic fibers such as polypropylene, steel, and glass have shown 

effectiveness in producing HPFRC, they often come at a high cost and with significant environmental burdens. In 

terms of biodegradability and sustainability, natural fibers have emerged as one of the most widely used reinforcing 

materials (Hasan et al., 2020; Nizamuddin et al., 2019). This has prompted a shift in research toward natural and 

sustainable fibers as utilizing the benefits of such materials is one of the most crucial ways to achieve sustainable 

construction (Zhou et al., 2013).  

Among the various types of natural fibers, pineapple leaf fiber (PALF) reinforced concrete is less frequently 

studied although having huge potential. It stands out due to its high cellulose content that offers high tensile 

strength. PALF can produce low-carbon and sustainable construction materials. Despite its latent qualities, limited 

research has been conducted on the influence of PALF length, especially when used in low dosages within high-

performance concrete. Previous studies have demonstrated that incorporating PALF into concrete can enhance 

both compressive and tensile strength (Tamanna et al.,2024). However, previous study was focused on a specific 

PALF length and the impact of PALF length on concrete properties is yet to be explored. Fiber length is a critical 

parameter that affects fiber dispersion, workability, and mechanical behavior of the composite material. Short 

fibers may disperse more uniformly and enhance compressive strength by bridging microcracks, while longer 

fibers can improve tensile behavior by effectively resisting crack propagation. Striking the right balance between 

fiber length and concrete performance is essential for practical implementation. 

To mitigate the research gap, this study explored the effect of PALF length on the mechanical properties 

(compressive and tensile strength) of HPFRC. A specific amount of PALF and silica fume was incorporated into 

concrete with different length of treated PALF to investigate the comparative effect of early strength and long-

term strength. Another objective of this study was to propose an optimal length of PALF for HPFRC mix. The 
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findings of this study are expected to support the development of low-cost, high-strength, and sustainable 

construction materials suitable for application in developing countries.  
 

2. Experimental Investigation 

2.1 Materials 

This study utilized cement, silica fume (SF), fine aggregate (FA), coarse aggregate (CA), pineapple leaf fiber 

(PALF), water and superplasticizer (SP) to produce high strength concrete. Ordinary Portland Cement (OPC) 42.5 

N, supplied by Shah Cement Industries Limited, Bangladesh was used as the binder. The cement had a specific 

gravity of 3.09 and normal consistency of 24%, which ensured reliable hydration and strength development. Elkem 

Micro Silica Grade 920, conforming ASTM C1240 requirements (containing a minimum of 85% silicon dioxide 

and a specific surface area of at least 15 m²/g), was utilized as supplementary cementitious material in the mixture 

to fill the voids between aggregates and to achieve a denser and more uniform mix. Black stone chips with a 

maximum aggregate size of 12.5 mm and Sylhet sand containing particles smaller than 4.75 mm were used as the 

CA and FA, respectively. The measured specific gravity and absorption capacity of FA following ASTM C128 

were 2.34 and 5.05%, respectively. A value of 2.74 and 2.29% for specific gravity and absorption capacity of CA, 

respectively, were obtained following ASTM C127 test method. PALF, obtained from a local supplier in 

Bangladesh, used as a fiber reinforcement in this study. 

 

2.2 Alkali Treatment of PALF 
 

Alkaline treatment is one of the most effective treatments for natural fibers to enhance the interfacial bonding 

between fibers and concrete matrix, thus leading to improved mechanical properties of concrete and improve their 

overall performance (Chandrasekar et al., 2017; Thandavamoorthy et al., 2023). In this study, sodium hydroxide 

(NaOH) solution was used for fiber treatment since it has been proved as one of the most effective treatments for 

natural fibers (Koohestani et al., 2019; Martínez Suárez et al., 2021). A 5% (w/v) NaOH solution was prepared 

using distilled water and required amount of PALF was soaked in the NaOH solution for 60 minutes. After that, 

the fibers were washed with tap water followed by distilled water until all alkaline residues were removed, which 

was verified using a PH meter. Finally, the treated pineapple leaf fibers were dried in the sun. The PALF treatment 

process followed in this study is represented in Figure 1. 

 

 
 

Figure 1. PALF treatment process. 
 

2.3 Mix Design  
 

In this experiment, seven concrete mixture types were prepared with a constant water-to-binder (w/b) ratio of 0.30. 

Workability of the concrete mixes was assessed using slump tests in accordance with ASTM C143. To achieve 

slump values in the range of 75-100 mm, a constant dosage of SP at 0.6% by weight of the binder was used. To 

produce high strength concrete, a mix ratio of 1:1.5:2 was set. A constant amount of PALF (0.1% weight of binder) 

with different fiber lengths (5mm, 10mm, 20mm, 30mm and 40mm) was added to the concrete for the 

investigation. The control mix, designated as OC, contained 0% SF and PALF. Another mix, designated as SF-10, 

included 10% SF in replacement of cement and 0% PALF. In the other five mixes, 0.1% PALF by weight of binder 

was used for different PALF lengths of 5 mm, 10 mm, 20 mm, 30 mm and 40 mm, designated as FRC-5, FRC-10, 

FRC-20, FRC-30 and FRC-40, respectively, while keeping the cement replacement rate with SF content at 10%. 

The mix proportion of the seven mixture types are presented in Table 1. 
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Table 1. Mix design 

 

 
 

 

 

 

 

 

 

 

 

2.4 Preparation of Specimen and Testing  

The concrete specimens were prepared in accordance with ASTM C192, following the specified mixing ratios at 

Section 2.3. Three 100 mm × 200 mm concrete cylinders were cast for each mix type and test type at a specific 

curing age. Each cylinder was compacted in three layers, with 25 strokes applied to each layer to ensure proper 

compaction. The samples were demolded after 24 hours and then immersed in water in a controlled environment 

for 3 and 28 days, depending on the requirement of the tests. The key experimental steps followed in this study are 

outlined in Figure 2. For mechanical properties testing, compressive strength and splitting tensile strengths of the 

concrete samples were conducted at 3 and 28 days of curing age, following ASTM C39 and ASTM C496, 

respectively, as shown in Figure 3. All strength tests were conducted at the Engineering Materials Laboratory of 

the University of Asia Pacific (UAP) using a Universal Testing Machine (UTM). 

 

 
Figure 2. Outline of the study 

 
Figure 3. Experimental setup: a) compressive strength test; and b) splitting tensile strength test. 

3. Results and Discussion 

3.1 Compressive strength (CS) 

To obtain the compressive strength values at 3 and 28 days, the average strength values of the three specimens at 

the specific test days were determined. Figure 4 represents the compressive strength test result of concrete. It shows 

that the compressive strength of SF-10 is higher than that of OC, where an increase of 5.9% and 17.4% in CS at 3 

and 28 days, respectively, is observed. This increase in CS can be attributed to the inclusion of 10% SF as a 

replacement for cement, as SF plays a significant role in enhancing both the early and long-term strength of 

Mix 
Length 

(mm) 

Fiber 

(% of 

binder) 

Cement 

(kg) 

Silica 

Fume 

(kg) 

Fine 

Aggregate 

(kg) 

Coarse 

Aggregate 

(kg) 

Water 

(kg) 

SP 

(%) 

OC - - 550 - 825 1100 165 0.6 

SF-10 - - 495 55 825 1100 165 0.6 

FRC-5 5 0.1 495 55 825 1100 165 0.6 

FRC-10 10 0.1 495 55 825 1100 165 0.6 

FRC-20 20 0.1 495 55 825 1100 165 0.6 

FRC-30 30 0.1 495 55 825 1100 165 0.6 

FRC-40 40 0.1 495 55 825 1100 165 0.6 
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concrete, in agreement with previous studies (Bhanja & Sengupta, 2005; Safwan Khedr & Nagib Abou-Zeid, 1994; 

Shah et al., 2022). From the results analysis, it is apparent that the addition of PALF in concrete further increases 

concrete CS compared to SF-10. Values of CS increase from 10.3% to 43.3% at 3 days and from 1.7% to 17.8% 

at 28 days can be seen for different PALF lengths in concrete compared to SF-10, signifying PALF is a potential 

fiber to increase CS in concrete, supporting previous studies (Khan & Siddique, 2011; Tamanna et al., 2024).  

When analyzing the effect of PALF length on the CS of concrete, it is noticeable that 5 mm and 20 mm PALF 

fibers, i.e., the short fibers contribute to the highest increase in CS, which supports other findings (Abirami et al., 

2020; Karolina et al., 2022). The CS of FRC-5 at 3 days and 28 days are 30.4 MPa, and 43.9 MPa, respectively, 

an increase in CS of 51.8%, and 38.3%, respectively, compared to OC. Increase in CS of concrete using 20 mm 

PALF at 3 and 28 days are 16.8% and 37.6%, respectively, compared to the OC. Both the 5 mm and 20 mm fiber 

increased CS by around 38% compared to OC at 28 days. However, strength increase rate at 3 days is higher for 5 

mm fiber compared to 20 mm fiber. This study observed a lesser rate of CS increase for higher fiber lengths than 

20 mm (25.6% increase for 30 mm and 16.8% for 40 mm compared to OC at 28 days). When compared to SF-10, 

40 mm fiber decreased the CS at both 3 and 28 days, denoting that long PALF fibers are less effective in increasing 

concrete strength due to fiber agglomeration and non-uniform fiber distribution, which supports previous studies 

(Lampropoulos et al., 2021). It is apparent from the result analysis that short fibers with lengths of 5 mm and 20 

mm demonstrate superior performance in increasing CS compared to long fibers. This finding aligns with previous 

research (Abirami et al., 2020; Karolina et al., 2022; Lampropoulos et al., 2021) and differs from some findings 

(Mugume et al., 2021). 

 

 

Figure 4. Compressive strength of all mixtures at 3, and 28 days. 

 

3.2 Spilt Tensile Strength  

The splitting tensile strength (TS) test provides important insights into the load-bearing capacity of concrete under 

tensile stress. Figure 5 presents the results of the TS test on cylindrical concrete specimens, showing the effects of 

silica fume and different PALF lengths on splitting tensile strength. Among all mixtures, OC exhibited the lowest 

tensile strength, with values of 2.0 MPa at 3 days and 3.6 MPa at 28 days. At all ages, SF-10 outperformed OC, 

showing a 38.2% increase at 3 days and a 16.8% increase at 28 days, likely due to the pozzolanic action of SF, as 

reported in previous studies (Bhanja & Sengupta, 2005; Safwan Khedr & Nagib Abou-Zeid, 1994; Shah et al., 

2022). All SF- and PALF- reinforced concretes showed higher TS compared to OC. Due to its high cellulose 

content, PALF increases the tensile strength of concrete, as reported by Shah et al. (2022).  

Examining the impact of fiber length on early-age tensile strength (3 days), FRC-5 showed the highest 

improvement, achieving a 67.7% increase compared to OC, indicating a substantial early contribution of 5 mm 

fibers. However, at 28 days, 20 mm and 30 mm fibers outperformed the 5 mm fibers in strength improvement. 

FRC-20 exhibited a modest early increase of 9.8% but achieved a significant long-term improvement of 22.0% at 

28 days. The most notable increase in TS was observed in FRC-30, which demonstrated remarkable improvements 

at both stages, with a 54.9% gain at 3 days and a maximum long-term improvement of 26.4% at 28 days among 

all mixtures. A study by Shah et al. (2022) similarly reported that 30 mm natural fibers (sisal) effectively enhanced 

tensile strength. In contrast, FRC-40 showed a lower rate of increase (12.9%) at 28 days compared to FRC-30. The 

potential reason can be with long fibers, the overall amount of fibers increases in concrete volume and hence, fiber 

agglomeration as well as improper distribution occurs with increase in fiber volume (Wang et al., 2011; Zhang et 

al., 2007). 
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Figure 5. Tensile strength of all mixtures at 3, and 28 days. 

 

 

4. Conclusion  
 

This study investigated the effect of varying pineapple leaf fiber (PALF) lengths on the compressive and tensile 

strengths of concrete and highlighted a significant enhancement in these properties through the incorporation of 

PALF. Silica fume was used to replace 10% of the cement and an optimum amount of PALF (0.1% by weight of 

the binder) with varying lengths was added to investigate whether superior performance could be achieved 

compared to normal concrete. Based on the detailed experimental findings, the key observations are summarized 

below: 

 

● Incorporating 10% silica fume as a replacement for cement improves both compressive and tensile 

strength at all ages. 

● The addition of 5 mm and 20 mm PALF increases compressive strength at a higher rate compared to other 

fiber lengths at 28 days. 

● Short fibers drastically improve tensile strength at early ages, whereas longer fibers up to 30 mm are more 

effective in enhancing tensile strength at 28 days. 

● 40 mm PALF shows reduced improvement, likely due to fiber agglomeration and poor dispersion. 

● Fiber length has a notable effect on both compressive and tensile strength. Among the lengths tested, 20 

mm PALF demonstrates the most significant improvement. The inclusion of 20 mm fibers produces the 

best overall performance in compressive and tensile strength, offering superior mechanical properties and 

enhanced crack resistance compared to shorter or longer fibers. This optimal length allows for balanced 

interaction with the concrete matrix.  

 

These findings highlight the potential of PALF as a sustainable and cost-effective reinforcement material in high-

performance fiber-reinforced concrete, contributing to the development of eco-friendly construction materials. The 

study also reduces the need for extensive testing across multiple fiber lengths, thereby lowering labor costs and 

ensuring more efficient use of resources and time. Furthermore, it opens a pathway for the production of green 

concrete. This study contributes to the existing knowledge in the field of fiber-reinforced concrete and provides 

directions for future research. Future work could explore the hybrid use of different fiber types and volume 

fractions across a wider range of water-to-binder ratios to better understand fiber–matrix interactions. 
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